We derive the wave function for N-dimensional hydrogen atom in the momentum representation with the phase factor using the generating function method and Hankel's integral.
The wave function of hydrogen atom in representation space
The Schrödinger equation of the hydrogen atom in N-dimensions space [8] And atomic unit are used through the text.
The method of separation of variables is used by many authors [13] [14] [15] for the resolution of the Schrödinger equation and we write only the solution:
The generating function of Laguerre polynomials [16] [17] is: 
Is the Gegenbauer polynomial of degree n and parameter α.
The N-dimensional hydrogen atom in the momentum representation
Using the development of the free wave in space of N-dimensions, the generating functions of Laguerre polynomials and Hankel's integral we determine the generating function of momentum representation and hence the wave function in momentum space.
The Generating function and the momentum representation
The wave function of hydrogen atom in momentum representation is:
r Is defined by:
can be regarded as the scalar product of two vectors in Euclidean space Using the development of the wave function of the free particle in N-dimensions [14] [15] : 
Derivation of the generating function
Using Hankel's integral [17] : We find the generating function as follows: This function is the generalization of the generating function (4.10) of the paper [9] , by a minus sign due to the derivation of (4.9).
The Wave function in the momentum representation
We have [9] [ ] 
And the formula [16] 
We find that the expression (3.11) may be written as We can also determine the representation {p} by this method if the potential has an additional term 2 / r A .
Appendix: a remark on the phase factor
We show by an example that inattention error are repeated in many textbooks of quantum mechanics [18] [19] [20] and work [7] [8] on the phase factor of the basis of the representation {p}of the harmonic oscillator and the hydrogen atom.
In quantum mechanics the Schrödinger equation of harmonic oscillator is ) So we deduce that we are not free to choice the phase factors of representations {x} and {p} in an independent manner.
